We present the results of neutron diffraction studies on polycrystals of a metallic kagome lattice, Tb3Ru4Al12, reported recently to undergo reentrant magnetism, with the onset of long range antiferromagnetic order below (TN = 22 K) and spin-glass features below about 17 K. The present results reveal long-range antiferromagnetic order of an incommensurate type with the moments oriented along c-axis at all temperatures below TN.. There are however notable changes in the Tdependence of propagation vector along b-axis across 17 K. An observation of interest is that there is no decrease of intensity of magnetic Bragg peaks on entrance into the glassy phase (that is, below 17 K). This finding suggests that the magnetism of this compound is an exotic one and one and we wonder whether this compound is an example for 'dynamical spin-glass freezing' phenomenon, as a consequence of geometrical frustration.
Introduction
In the field of magnetism, the materials containing magnetic ions forming triangular, tetrahedral and kagome lattices have been attracting a lot of attention due to geometrically frustrated magnetism in the event that the intersite interaction is antiferromagnetic to favour frustration. In this article, we focus on kagome lattices, which are generally characterized by magnetic ions placed at the corners of a hexagon with each face of the hexagon forming a triangle with another magnetic ion. Though the studies on such lattices are abundant among insulators with nearest neighbour antiferromagnetic interaction, such lattices are not commonly known in metallic environments, barring a few exceptions [1, 2] . In this respect, the rare-earth (R) compounds of the type, R3Ru4Al12 [3] [4] [5] [6] [7] [8] [9] , crystallizing in a hexagonal structure (space group, P63/mmc), containing R ions in a distorted kagome network, provide an opportunity to study the phenomenon of geometrical frustration in the event that the magnetic ordering is mediated by Ruderman-KittelKasuya-Yosida (RKKY) indirect exchange interaction. In this family, Tb3Ru4Al12, known to order antiferromagnetically below (TN=) 22 K [5] , has been reported to show glassy characteristics at lower temperatures (<17 K) characterizing the compound as a re-entrant spin glass [9] . We have carried out neutron diffraction measurements at low temperatures in order to throw light on the magnetism of this compound.
Experimental details
The polycrystals for neutron diffraction measurements were freshly prepared as described in our previous studies [9] and characterized by x-ray diffraction. The sample was further characterized by the measurement of temperature (T) dependencies of dc magnetic susceptibility (χ) and the results are in conformity with those reported earlier [9] . Neutron diffraction patterns on powdered sample were obtained (with the wavelength, λ= 2.451 Å) at several temperatures on E6 diffractometer at Helmholtz-Zentrum Berlin (HZB), Berlin. About 3.5 grams of powder sample was loaded in a vanadium can and attached to a sample holder insert, which was subsequently loaded into a standard liquid helium orange cryostat for measuring neutron diffraction patterns at several selected temperatures. The data for each spectrum was collected in 48 scan steps of the 2 two dimensional area detectors. The total angular range covered (in 2) is from 4 to 136 [10] [11] [12] . The specimen was first cooled to 4.5 K and the diffraction patterns were recorded at many temperatures while warming.
Results and discussions
In figure 1 , we show the neutron diffraction patterns at selected temperatures below 28 K across TN. The diffraction patterns were subjected to Rietveld fitting using FULLPROF suite programs [13, 14] . This fitting of the nuclear peaks (that is, above TN) is consistent with P63/mmc space group. The derived lattice constants are in good agreement with those reported in the literature [9] at room temperature, with a marginal decrease of unit-cell volume with decreasing temperature. The data confirm the existence of long (~5.19 Å) and short (~3.63 Å) Tb-Tb bond distances, and hence thus small and big triangles alternate within the kagome layer. As the temperature is lowered to 22 K, extra Bragg peaks (marked by vertical arrows in figure 1) tend to develop, which are attributable to the onset of long-range magnetic order. The fact that a strong peak appears at 2θ = ~ 6 o , corresponding to a low Q = 0.26Å -1 (Q= 4π sinθ / λ), suggests that the magnetic unit cell is larger than the crystallographic unit cell. Rietveld refined patterns plotted in figure 2 for T = 4.5 K and 28 K show good agreement between observed and calculated model. Details of the Rietveld analysis for nuclear and magnetic structures (along with magnetization data on the specimen employed for the present studies) are given in the Supplementary file [15] . The propagation vector, k, was obtained from the magnetic Bragg peak using the program, K-search (available in Winplot-R 2006 program, within Fullprof). Among various suggested k vectors, only the value, k = (0, ~1/3, 0) and the irreducible representations and basis vectors obtained using the program BasIreps for this k-vector, gave good fit to the observed data. For carrying out the refinement further, and for other temperatures, the magnetic moment along c-axis was allowed to refine. As the refinement progresses well only when considering the k-vector as incommensurate, the propagation vector, ky, was also refined for each temperature to find out its temperature dependence. It may be noted here that the the representation analysis is valid for (0, k, 0) with 0 < k < 1. Based on the symmetry elements used, the magnetic space group, identified using the Bilbao Crystallographic Server, is C2 (No. 5.13) in BNS setting [16] [17] [18] .
The average magnetic moment on Tb per unit cell obtained by Rietveld fitting, as expected, is found to undergo a sudden increase at TN with lowering temperature with a slow variation and a tendency to saturate to about 5 µB below about 15 K, as shown in the inset of figure 1. Some projections of the magnetic structure at 4. (Figure 4 ), as though there is a dramatic change in the magnetism with decreasing temperature. This is the same temperature at which glassy anomalies get triggered in the magnetization data [9] . A closer inspection of figure 4 however reveals that there is in fact a marginal decrease below about 12 K, which indicates additional magnetic complexities to be understood. In order to see any loss of intensity due to possible spin-glass behavior well below TN (as inferred from magnetization data), we have obtained integrated intensity of some magnetic Bragg peaks, which are plotted in figure 5. It is clear that a monotonic increase of these intensities as the temperature is lowered below TN is only observed, in contrast to expectations.
From the results reported in the literature [9] , it is clear that the compound, Tb3Ru4Al12, apparently undergoes long-range antiferromagnetic ordering at 22 K down to low temperatures, as inferred from the neutron diffraction data. It may be recalled [9] that the spin-glass anomalies were reported in dc χ, ac χ, and isothermal remnant magnetization data at temperatures lower than TN. These measurements were performed on well-characterized single crystals and it is found that these spin-glass features appear for the orientation of the c-axis of the crystal along the magnetic field direction. This reveals that the glassy features are intrinsic to the compound (characterizing it as an anisotropic spin-glass) and not due to any magnetic impurity [19] . It is therefore puzzling that we are not able to see the loss of intensity of magnetic Bragg peaks in neutron diffraction pattern as one enters glassy phase and the incommensurate antiferromagnetic structure is apparently maintained even at 4.5 K. It is at present not clear to us how to reconcile these contradictory results from the bulk and neutron diffraction measurements. One possible explanation is that this system does not have a single propagation vector but one, which is varying, with respect to temperature below ~17 K, with the magnetic structure varying with time. We have also recorded the neutron diffraction patterns at several time intervals over a period of a few hours at many temperatures, but we are not able to resolve any time dependence of the diffraction pattern. However, it is to be noted that there is a qualitative change in the nature of the curve in figure 4 at 17 K and that there is a marginal dip around 10 K, as though the propagation vector behavior, as the temperature is lowered across 17 K, is a bit complex. Frequency dependent measurements, like ac χ, would naturally reflect the dynamics of these propagation vectors. In other words, the observed glassiness in the bulk data can be attributed to the phenomenon of 'dynamic antiferromagnetic ordering' or 'spin-glass in time-domain' due to degeneracy of marginally different wave vectors, presumably facilitated by geometrical frustration. In other words, antiferromagnetism and spin-glass behavior are not conventional ones. At this juncture, it may be recalled that Chandra et al [20] proposed that the glassy features in geometrically frustrated systems is intrinsic, but not due to disorder. It was also theorized that the spin-glass dynamics could be unconventional and that kagome lattices should be the ideal testing grounds for this idea. There was also a recent proposal of 'dynamical spin-glass phenomenon' in magnetism [21] . Though there seems to be a consensus in the literature that disorder is required to trigger glassiness due to geometrical frustration, it thus appears that this question seems to be still open. We therefore wonder whether the compound under study is a model system for such proposals [20, 21] . Such a phenomenon is not unrealistic, as the phenomenon of slow order-order transition phenomenon has been demonstrated [22] for another geometrically frustrated system, Ca3Co2O6 [23, 24] . This is in some sense another kind of spin-liquid, considering that the proposed fluctuation is a co-operative (antiferromagnetic) effect, though the terminology 'spin-liquids' in the past literature refers to nonmagnetic ground state.
Conclusion
We have presented the results neutron diffraction measurements of a metallic kagome lattice, Tb3Ru4Al12, which was previously identified to show reentrant spin-glass anomalies in the bulk data. The present results suggest that the magnetic structure is of a long-range antiferromagnetic type, however, with its propagation vector showing a complex temperature dependence. The results indicate complexity of the spin-dynamics of this compound. Therefore, further studies on this compound would be rewarding to advance the knowledge on manifestations of geometrically frustrated magnetism. It is also of interest to explore whether alternating small and big triangular Tb clusters, characteristic of this distorted kagome layer, are responsible for the observed magnetic behavior. 
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Propagation Vector Group Information
1.
The input propagation vector k IS NOT equivalent to -k, therefore the extended little group is G(k,-k)
2.
The operators following the k-vectors constitute the co-set decomposition G[Gk] 3.
The 
